* oy -

~-A262 259
E\\\i\k\\\%\\\\\\\’\\\\\\\\1\‘\.\\‘1\%\\\‘\\\\\‘. ENTATION pAGE

Form approved
OMB No (704.0188

.o PR R L R L L T S B R e M-
NG review NG me S et - eng: mmevn‘r@m.—‘»:u- CDLIBRR Ryt e oA Trer i
SAULNG T DWTORr 12 Nasnr IV eaTT st ey LT O ren gt ang Rele Ty Sty
L 2VEE davs it

Ty = 3nway dute T204 Amng\on vf- 222C2~1352 ang 1s the Mue ot M.\ﬁu-"-' TImLIIe LaDweals

1 AGENCY USE ONLY (Leave dlank) ] 2. REPORT DATE

3 REPORT TYPE AND DATES COXSRE .
FINAL/15 May 89 TO Mar 9.

4 TITLE AND SUBTITLE
INTEGRATED APPROACHES TO PAPALLELISM IN

OPTIMIZATION & SOLUTION OF INVERSE PROBLEMS (U)

6. AUTMOR(S)

Professor William Symes

S FUNDING NUMBERS

2304 /Ad
AFOSR-89-0363

[ S
7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES)

kEice University
Dept of Mathematical Sciernces
Houston TX 77251-1892

110 DUNCAN AVE, SUTE B115 \
BOLLING AFB DC 20332-0001 tLE

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDR
AFOSR/NM ’ D [ C

AEOSRIR- .

8 PERFORMING ORGANIZATION
REPORY NUMBER

8

10 SPONSORING MONITORING
AGENCY REPORT NUMBER

AFOSR-89-0363

11. SUPPLEMENTARY NOTES

12a DISTRIBUTION  AVAILABILITY STATEMENT

APPROVED FOR PUBLIC RELEASE: DiSTRIBUTIO

N IS UNLIMITED

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

problems separate into ones of rods and wmembr

solicited an expository account »o! this wveork.
ttie toilling of thin piates they have the means
cross-sections with J Maddocks the Pl has

heperelastic rods with nonlinear bending laws
the fitaerior and ar rhe Wwundary In this uew

equilioria stemming frow the buckline load
supercritical, { € . vightward

Matrhematical models for mechanical design problems and development of analvtical and
numerical tools for their solution was studied under this grant The mathematical
anes. Regarding the former., with M.
Overton the Pl provided the first rigorous study of the shape of the strongest rod
In particular, within the context of the Euler-Bernoulli model. it was estatiished
existence, necessary ceonditions, regularity. and a general,
of computing an optimal shape. Previous studies had not fullv dealt with the fact
rhat the strength of 4 rod (the axial load under which it commences t: bhucle  need

not he a3 differentiable function of its shape The Mathematical Intz=lligence
by Discover

This article was picked up

magazine, where the review appesrs Engineers in off-shore oil rig design at Eixon
Production Research in Houstun have approached the Pl regarding the research via 1)
rc create rods with piecewise corical ™~

extended all of une above

findings te a much richer class af rods In particular. they are ahle to

and vanitshing cross-sectio

framework thev are alsc finsllv able

ro carefully pose and setvle the bifurearian question as to whether the branchies: of
are? irdeed

of the optimal cclumn

though efficient. means

93-06627

WARTAN0 <

analvtical
gocanmedar e
ns in borb

—

~
~
”

14 SUBJECY TERMS

8 3 31 065

15. NUMBER OF PAGES

16. PRICE CODE

17. SECURTY CLASSIFICATION ] 18 SECURITY CLASSIFICATION SECURITY CLASSIFICATION |20, LIMITATION OF ABSTRACT
Of REPORT OF THIS PAGE OF ABSTRACT | _
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED SAR{SAME AS REPQ§1_

O TELCG T JRGLIRDT

Stanga‘g form 98 Rey [ 89
[ZL-NERT 1 8 A CO SRR TV




THIS DOCUMENT IS BEST
QUALITY AVAILABLE. THE COPY
FURNISHED TO DTIC CONTAINED
A SIGNIFICANT NUMBER OF
PAGES WHICH DO NOT
REPRODUCE LEGIBLY.




»

Final Report - AFOSR Grant 89 03063 Janmany 101993

Steven Cox

Department of Computational & Applied Marhemaries
P.O. Box 1392

Rice University

Houston, TX 77251

Under this grant I studied mathemanical models for mechauical design problenis and
developed analytical aud wunerical tools for thenr solution. The mechameal problens
separate into ones of rods aud membianes,

Regarding the former, with M. Overtou, I provided in [1] the first rigorous stidy of
the shape of the strongest rod. In partienlar, within the contexr of the Euler-Bernoulh
model, we establishied existence, necessary couditions regularity. and a general, though

efficient, weans ot cotupiting an optimal shape. Previons studies had not fully dealt wirh
the fact that the strength of a vod (the axial load under which 1t commences to buckle]
need not be a differentiable function of irs shiape. The Marthemartical Intelligencer solicited
an expository acconnt of this work. [2]. This article was picked np by Discover magazine.
where the review [3] appears. Eunglueers in off-shore oil 1ig design ar Exxon Produetion
Research in Houston lhave approached me regarding rhis work., Via the rolling of thin

plates they have the means ro create rods with piecewise conical eross-sections. With
J. Maddocks in [4]. T have extended all of rhe above analytical findings ro o mueh sicher
class of rods. Iu partienlar. we arc able to accommodate hyperelastie rods with nonlinem
bending laws and vanishiug cross—sections in both the iaterior and at the honndary. In
this new framework we ave also finally able ro carefully pose and settle rhe bifurcation
question as to whether the hranelh(es) of equilibria sternning from the huckling load of the
\—/()‘ptimal cohunu are indeed supereritical. e rightward.

Regarding membranes I Lhave contributed to two problems. In [3] T deseribe how
to distribute a prescribed amount of fwo materials thronghont o given planar shape m
order to minimize the fundamental tone of the resulting membrane. Having provided
definitive results on the symumnetry. regularity, length. and computation of the iuterfuce
between the two coustituents in the optimal lavout, I believe there 1s little else left to
say about this problem. In [6]. withh M. Ross, I have established existence and partial
regularity. via necessary conditions. for the problem of extremzing as o fauction of shape
alone an arbitrary membrane frequency. Previous attempts by others Lave only sneceeded
in mimmizing Dirichlet eigenvalues and maximizing Newnaun eigenvalues. Our setting,
of planar starlike domains of fixed avea wud bounded perimeter, allows one to extrennze
either type of eigenvalue, in either divection. As the ligher frequencies may be multiple.
the obstacle to deriving necessany conditions is that rhese frequencies need not depend
differentiably on the shape of the membrane. This issue. of charactenzing the generalized
gradient of o multiple eigenvalie. was iu faer <till open even m finite dimensions priog to
[7]. where [3] is surveyed and partially exrended to the higher eigenvalues and the (finite
dimensional) foundation for [G] is laid.

The work I completed and hegan wder this prant lead to my being awarded o 1992
National Young Investigator by the Natioual Seience Foundation.
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